Abstract. The aim of this paper is to determine cadmium, lead and nickel concentration in different herb plants and in the soil collected in the areas close to winter wheat and grain maize fields. The following herbs were analyzed: Achillea millefolium, Cichorium intybus L., Equisetum arvense, Polygonum persicaria, Plantago lanceolata L., and Plantago major L.. They were sampled one and ten meters away from the edge of the fields. The plants, 70 of each species, were collected during the flowering stage from 1 to 20 July 2014. At the same places soil samples were taken. Cadmium, lead and nickel concentration was determined with inductively coupled plasma-atomic emission spectrometry. All the herbs growing near the wheat field, except for Cichorium intybus L., had lead concentration above the limit. For other metals the concentration was below the limits set for dried herbs. Herbs plants growing close to the wheat field had a higher concentration of heavy metals than the same plants growing near the grain maize field. The average concentration of cadmium, lead and nickel in the soil around the fields was much lower than the concentration of the same metals in average, non-contaminated soil. In the soil-plant system the highest accumulation coefficient of heavy metals was for cadmium, then for nickel while the lowest was for lead.
Introduction
Heavy metals are among the most harmful environmental pollutants and because of that many publications are devoted to their effects on plants and soil in the areas close to main roads and motorways (Van Bohemen and Van Malinowska et al., 2015 ). Yet, not much research has been done to study soil and plant contamination around agricultural fields. Due to the fact that the use of agricultural chemicals is growing, such places are exposed to more and more pollutants. Herbs growing in the natural habitat around farm fields are often used for medical purposes and that is why the accumulation of heavy metals and other pollutants in those plants should be monitored so that they will not pile up in living organisms (Sembratowicz et 
Materials and methods
The research material included the following species sampled both one and ten meters away from the edges of a winter wheat field and grain maize field: Achillea millefolium L., Cichorium intybus L., Equisetum arvense L., Polygonum persicaria L., Plantago lanceolata L. and Plantago major L. The plant material originated from farms located in the Siedlce County, in the east-central part of Poland. The fields were located far away from main roads and were not affected by dust emission. According to recommendations, both mineral and organic fertilizers but also plant protection products were used for growing the crops. The plants, 70 samples of each species, were gathered during the flowering stage from 1 to 20 July 2014. At the same places, from the root zone, soil samples were also collected. Crops growing in the fields were not tested for heavy metals because that will be the subject of further studies.
The plants: leaves, stalks and inflorescence, were dried at the temperature of 105°C. Next the plant material was ground to particles of 0.25 mm in diameter and 1 g of it was weighed and put into a porcelain crucible. Then the crucible was placed in a muffle furnace for 15 hours to oxidize organic matter at the temperature of 450 0 C. Next 10 ml of hydrochloric acid solution (1:1) was added and the mixture was put into a sand bath to evaporate, to decompose carbonates and to remove silica. After adding 5 ml of 10% hydrochloric acid solution, the contents of the crucible were filtered through a hard filter into a 100 ml volumetric flask and water was added up to the mark. Lead, cadmium and nickel concentration was determined using inductively coupled plasma atomic emission spectrometry (ICP-AES). Soil pH, the value of which ranged from 5.05 to 6.30, was measured with the potentiometric method.
All of the data were statistically analyzed and differences between means were assessed using analysis of variance with the Statistica software, Version 10.0 StatSoft, applied. Tukey's test was used to determine LSD 0.05 for means that were significantly different (StatSoft, Inc. 2011). The intensity of lead, cadmium and nickel accumulation in the herbs was measured by means of the accumulation coefficient (AC), using the formula ( 
Results and discussion
Cadmium concentration in the plants was significantly related to the herb species and to the distance from the farming fields ( Table 2 ). The average concentration of all the metals in the experiment did not exceed natural concentration of those metals in plants, which means that the latter can be used in medicine. Average concentration is not always a good indicator and should be used together with other ways of controlling accumulation of heavy metals to reduce their harmful effects on living organisms. In Plantago lanceolate, Plantago major and Equisetum arvense lead concentration was exceeded by 50 % and in Polygonum persicaria by 25% (Regulation of the Minister of Health, 2003). Considering heavy metals, the average highest coefficient of variation was for cadmium (13.20%), and the lowest for nickel Ni (6.34%). Thus, the monitoring should be detailed, among other things taking into account the plant species and its distance from agricultural fields. Similarly to plants, there was a relationship between soil concentration of the metals and the plant species but also between heavy metal concentration in the soil and the distance of the sampling point from the fields ( Table 3 (Terelak et al., 2002) . On average heavy metal concentration in the soil around the grain maize field was higher than that concentration in the soil around the winter wheat field. Nickel concentration in the soil sampled one meter from the fields was significantly higher than in the soil sampled ten meters from the fields while for other metals the relationship was more complicated. There was more lead ten meters away from the wheat field than one meter. For the grain maize field it was different, with more of this metal one meter away from the field than ten meters from the field. In the case of cadmium a higher concentration of this metals was in the sample points one meter from the wheat field and ten meters in the soil around the maize field. It may indicate that some soil processes affect heavy metals mobility and, at the same time Table 4) . The highest accumulation coefficient was for cadmium, then for nickel and the lowest for lead. According to Kloke et al. (1984) and Kabata-Pendias and Pendias (1999) in the plant-soil system each metal has different absorption properties and, at the same time, different accumulation coefficient. According to those publications cadmium has the highest accumulation coefficient (1-10) while for nickel it is much lower (0.1-1), and for lead it was the lowest (0.01-0.1). For cadmium this coefficient ranged from 1.19 to 4.08 and was much higher in herbs sampled one meter away from the field than ten meters from the field. For lead the values of accumulation coefficient in all herb plants was much higher than the limits, up to six times, ranging from 0.138 to 0.609 despite the fact that lead concentration in the soil was low ( Table 3 ). In herbs sampled close to the maize field nickel accumulation coefficient was higher than 1 whereas in herbs growing close to the winter wheat field it was often lower than 1. Values of nickel accumulation coefficient higher than the limits were found in Cichorium intybus L., Polygonum persicaria and Plantago lanceolata L.. Those results show that monitoring of herb plants growing around agricultural fields is necessary if they are to be used in medicine.
Conclusion
Such factors as the species and the distance from the field significantly affected cadmium and lead concentration in the plants. In the case of nickel there was a significant relationship between its concentration and the plant species only. Comparing cadmium, lead and nickel concentration in the biomass of six herb species it can be said that in the plants sampled close to the winter wheat field lead concentration exceeded the limits in all plants, apart from Cichorium intybus L. For the rest of metals the concentration in herb plants was below the limits for dry herbs.
Herbs sampled around the winter wheat field had a higher concentration of heavy metals than those sampled around the grain maize field. In herbs sampled one meter from each field cadmium concentration was significantly higher while for nickel the concentration was higher in plants growing ten meters from the fields. Plants growing one meter from the winter wheat field had a higher concentration of lead than those growing further from the field. In herbs sampled ten meters from the maize field lead concentration was higher than in those growing at the distance of one meter.
The average cadmium, lead and nickel concentration in soil sampled close to each field was much lower than concentration of those metals in average, non-contaminated soil.
In the soil-plant system there was diversity in the vales of accumulation coefficient of heavy metals in plants. The highest value was for cadmium then for nickel and the lowest for lead.
Comparing the result it can be concluded that using agricultural chemicals in growing maize and wheat did not cause a considerable rise in cadmium and nickel concentration outside the fields. Therefore it can be assumed that the concertation of those metals did not exceed the limits in crops growing in the fields. However, lead concentration in plants growing close to the winter wheat field was over the limit. Because of that heavy metal concentration in herbs growing in the natural habitat should be monitored in detail, separately for different species because heavy metal accumulation is significantly related to plant species.
